10 11 The response of very high elevation glaciated areas on Mont Blanc to climate change has been 12 analyzed using observations and numerical modeling. Unlike the changes at low elevations, we 13 observe very low glacier thickness changes, of about -2.6 m on the average since 1993. The slight 14 changes in horizontal ice flow velocities and submergence velocities suggest a decrease of about 10 % 15
In addition, geodetic measurements were carried out along a longitudinal cross section for different 137 years (Fig. 3) . The measurements were not performed during the same season each year but this is not 138 crucial given that melting is close to zero at this altitude (Gilbert et al., 2014a) and snow accumulation 139 occurs throughout the year (Vincent et al., 2007a) . Although the measurements were performed on one 140 longitudinal cross section only, it seems that thickness changes over each period of 5 years are as large 141
as changes over the whole period of 24 years. From these data, we can conclude that the thickness 142 changes observed at this altitude over 24 years are very small. (1.00 m a -1 ). The average of the differences is 0.05 m a -1 and the standard deviation is 0.52 m a -1 . 156
Between the 2009-2011 and 2016-2017 periods, the differences are less than 1 m a -1 except for 4 157 points (1.1 and 1.09 m a -1 ). The average of the differences is -0.56 m a -1 and the standard deviation is 158 0.43 m a -1 . Although these differences barely exceed the measurement uncertainty, they are 159 systematic. Note also that each value results from 3 to 5 topographic surveys, except for the 2016- we assumed that the snow density did not change with time. The long term change of the firn density 295 was assessed from drilling core measurements from holes drilled in 1994 and 2012 (see 296
Supplementary Material). From these measurements, it seems that the snow density did not change 297
significantly. 298
Over the entire 20 th century, a previous study (Vincent et al., 2007b) showed that the thickness of 299 glaciers at these high elevations did not change significantly. It suggested that surface accumulation 300 rates did not change significantly over the entire 20 th century although it does not exclude decadal 301 periods with significant accumulation changes. Our results tend to show that the surface mass balance 302 has changed slightly since the beginning of the 21 st century. Despite this small change, this glacier can 303 be considered to have been close to steady state conditions over the last 100 years. 304
In opposition to surface mass balance, englacial temperatures are strongly changing in response to 305 atmospheric warming. This highlights the non-linear response of near-surface temperature to 306 atmospheric forcing due a modified surface energy balance when surface melting occurs (Gilbert et 307 al., 2014a). As surface melting events become more and more frequent, the energy absorbed by the 308 glacier is largely enhanced, resulting in a strong warming signal observed in the borehole temperature 309 profiles. Our simulation and inversion shows that the observed temperature profiles reflect a 310 slowdown in the atmospheric warming rate, which is observed at lower elevation at both local and 311 global scales. The slight near-surface temperature cooling trend inferred in our inversion (Fig. 9a) may 312 indicate a negative feedback linked to increasing surface melting that could be superimposed on the 313 atmospheric forcing. Indeed, the increasing refreezing rate could start to create an impermeable ice 314 layer that prevents meltwater percolation and limits its warming effect. With the atmospheric warming 315 rate currently increasing again, future observations will provide the opportunity to evaluate the 316 efficiency of this potential feedback. 
